Introduction 45 46
Deep-water elasmobranchs comprise nearly half (47.5%) of the known species of sharks and rays 47 of the world (Kyne and Simpfendorfer, 2007) . Combined, they represent the highest proportion 48 (57.6%) of species designated as data deficient by the International Union for the Conservation 49 of Nature (IUCN) (IUCN, 2019). The main contributors to the data-deficient status are a lack of 50 life-history information, such as growth rates, age at maturity, and longevity (Kyne and specimens (Parsons et al., 2002) . Despite a circumglobal distribution, the species is infrequently 67 observed outside of Sagami Bay, Tokyo Canyon, and Suruga Bay in Japan (Yano et al., 2007) , 68
and it is considered one of the least known deep-water elasmobranchs with no data available in 69 terms of basic life history information (e.g. age and growth) (Yano et al., 2007) . In order to 70 better understand the biology, ecology, and conservation status of M. owstoni, a reliable ageing 71 technique using the vertebral centrum was developed to provide information about the age and 72 growth parameters. 73
Collection, staining, and ageing 77
Goblin sharks have been encountered in northern and southern Brazil in the western South 78
Atlantic both through scientific surveys and as a result of a deep-water monkfish, goosefish, and 79 shrimp fishery expansions (Holanda and Asano Filho; Rincon et al., 2012 Rincon et al., , 2017 . During an otter 80 trawl operation for deep-water scarlet shrimps on November 27, 2008, one M. owstoni specimen 81 was caught (between 700 and 1000 m depth) off the State of Rio de Janeiro, between 23º52'S -82 41º52'W and 23º51'S -42º05'W. The specimen was a mature male weighing 99 kg and 83 measuring 315.2 cm in total length (TL) per Rincon et al. (2012) . The vertebral column was 84 previously removed from the specimen and kept frozen for about 6 years before attempting to 85
age. 86
To perform the ageing analysis, vertebrae were manually cleaned and stored in 70% alcohol 87 (Fig. 1A ) following standard protocols (Cailliet and Goldman, 2004) . Unfortunately, attempts to 88 create bowtie sections were unsuccessful due to the poor mineralization of the intermedialia. 89 Therefore, vertebral centra was first sagittally sectioned (Fig. 1B) along the focus resulting in 90 two bowtie-shaped halves (Fig. 1C) and then the halves were transversally sectioned (Fig. 1B) , 91 resulting in four quadrants (Fig. 1D) . Each quadrant was stained using the alcian blue staining 92 method adapted from Song and Parenti (1995) (Fig. 1E ). This method consisted of using 10 mg 93 alcian blue powder, 20 ml absolute acetic acid and 80 ml 95% ethyl alcohol. Each vertebral 94 quadrant was soaked for 10 minutes intervals then removed, washed with 70% ethyl alcohol, 95 allowed to dry for 30 minutes, then re-submerged and repeated four times (a total of 40 minutes 96 of soaking). At the end of the staining process, one vertebra quadrant was photographed using 97
Motic Image Plus 2.0 imaging software (Motic China Group Co., Ltd.; www.motic.com) under 98 transmitted light using a stereomicroscope at a magnification of 10-20x. Three independent 99 readers analyzed the resulting images. Band-pairs, along the corpus calcareum, consisting of one 100 wide band (opaque) and one narrow band (translucent) were identified following the description 101 and terminology detailed in Cailliet et al. (2006) (Fig. 1F) . The birthmark was identified as the 102 first distinct band after the focus associated with a slight change in the angle of the corpus 103 calcareum (Fig. 1F) . 104 ages was measured using Adobe Photoshop CC (Adobe Inc., San Jose, California, USA) and 108 used to calculate the relative growth increment between each band ( ! , Equation 1). 109
Eq. 1 110
The relative growth increment was used to back-calculate the length at age, !,!" , using the 111
Fraser-Lee method (Francis, 1990) (Eq. 2). 112
where ! is the length of capture and ! is the length at birth (note that ! is substituted for the 114 intercept of the vertebral radius and ! as this was inestimable with a single specimen). We 115 assumed that length at birth was the mean between the two smallest male and female known 116 specimens, 81.7 cm and 97.5 cm TL respectively (Yano et al., 2007; Castro, 2011) . 117
von Bertalanffy growth modeling 119
With only the back-calculated length at age data from one specimen, it was necessary to structure 120 the von Bertalanffy growth model (von Bertalanffy 1934)(VBGM) with strong priors, additional 121 data, and following the ! formulation (Cailliet et al., 2006) (Eq. 3). 122
Eq. 3 123 where !,!" is the predicted length at age from the VBGM, ! is the asymptotic maximum 124 length, and is the Brody growth coefficient. The likelihood of the VBGM component was 125 specified as normal with a mean equal to the predicted length at age (Eq. 3) and a standard 126 deviation of (Eq. 4). 384 cm (Stevens and Paxton, 1985) , and 390 cm (Noden, 1984) [there is 349 cm one specimen 133 that was not included as recent literature has noted the specimen was female not male as initially 134 reported]. The ! of this study's specimen is 79% of the length of the largest confirmed malespecimen. Using the data available on large confirmed males, max , a separate likelihood was 136 used to constrain estimates of ! (Eq. 5). 137
Informative priors were put on the parameters of the VBGM. A normal distribution with a 139 mean of large confirmed male specimens and a standard deviation of 35 was used to specify the 140 prior for ! . Based on a study of deep-water elasmobranchs by Rigby and Simpfendorfer (2015) , 141 a truncated normal distribution with a mean of 0.1 and a standard deviation of 0.044 was used to 142 specify a prior for . The VBGM was implemented in a Bayesian framework in JAGS 143 
Eq. 6 153
Eq. 7 154
Models were run over four chains with 2,500 samples for adaptation, 5,000 for burn-in, and 155 1,250 kept samples per chain at a thinning rate of 100 (132,500 total samples per chain). Models 156 were checked for convergence visually and confirmed if the potential scale reduction factor, , 157 was less than 1.1 (Gelman and Rubin, 1992 
Results

163
The growth increment from the back-calculated length at age, !,!" , ranged from 3.4 to 15.4 cm 166 with an mean annual growth rate of 8.4 cm. Growth was spasmodic with pulses of rapid growth 167 in ages 5-6 and 14 with pulses of reduced growth in ages 12, 17, and 23-27 (Fig. 1H) . The von 168
Bertalanffy growth model converged with all < 1.1. The model predicted greater median 169 lengths at age, !,!" , for ages 3-18 and lower lengths at age for ages 19-27 than predicted from 170 the back-calculation, !,!" (Fig. 1I) some distortion near the edge of the corpus calcareum resulting in some disparity in the ageing 216 by independent readers (Fig. 1G) . The spasmodic growth increment dynamics we observed are 217 intriguing as they might relate to environmentally driven food availability or spatial ontogeny or 218
maturity. 219
In conclusion, this study estimates that Goblin Sharks exhibit slow growth, late maturity, 220 long life, and low mortality that, in aggregate, is likely to result in greater vulnerability to 221 overfishing (Stevens et al., 2000) . 
